A 43 year-old female patient suffered the sudden onset of pulsatile tinnitus in the left ear 2 months ago. The tinnitus did not subside spontaneously and remained unchanged. The patient had no history of head trauma or surgery of the head and neck. The character of the tinnitus was pulsatile, and it was synchronous with the heart beat. Audiologic examinations were performed and all of the results were normal. Computed tomography with angiography was performed and evidence of an arterio-venous fistula (AVF) was found. 4-vessel angiography was performed to confirm the dural AVF between the external carotid artery and sigmoid sinus. Embolization of the feeder-vessels was done under a fluoroscope and 70% of the fistula flow was controlled after embolization and the tinnitus totally subsided during the embolization.
Introduction
Tinnitus is described as the perception of sound when there is no source of external sound. There are two types of tinnitus: somatoform tinnitus and sensorineural tinnitus. Somatoform tinnitus can be further divided into vascular tinnitus, myogenic tinnitus and patulous Eustachian tube syndrome. 1) Pulsatile tinnitus is a common clinical symptom, and it usually originates within a venous blood vessel.
2) Pulsatile tinnitus is known to result from non-laminar blood flow caused by increased blood flow or a reduced vascular cross sectional area. Pulsatile tinnitus can occur in conjunction with various diseases, including exudative otitis media, anemia, thyrotoxicosism, high jugular bulb, arteriovenous malformation, dural arterio-venous fistula (DAVF), skull base tumor and intracranial hypertension. 3) Among them, DAVF is reported as the most common cause of pulsatile tinnitus resulting from vascular lesions. 4) DAVF is defined as an abnormal connection between the meningeal arteries and meningeal veins. DAVF commonly occurs in the cavernous sinus, lateral sinus and sigmoid sinus and is responsible for 10-15% of all intracranial vascular malformations while the incidence of DAVF is most common in the 40 to 60 years age group. 5) Although it is used as a standard diagnostic test, carotid angiography (CA) is not seen as a good screening tool because of its invasiveness and the associated risks. By contrast, computed tomography angiography (CTA) draws growing attention as a diagnostic tool for not only DAVF but also for other vascular lesions, and many studies support the efficacy of CTA. 6) We performed CTA to diagnose a patient suffering from pulsatile tinnitus, CA to make the final diagnosis and embolization for treatment of the patient. This report presents the results from our practices and review of the existing literature.
Case Report
A 43 year-old woman was admitted to hospital with headache of two months' duration and left-sided pulsatile tinnitus that occurred suddenly one month ago and had become severe. She complained of a constant rhythmic sound that beat in synchrony with her heartbeat. The sound became louder in her ear, making it difficult to sleep. On admission, the patient did not have any otologic symptoms such as otorrhea, dizziness and hearing loss except ear-fullness in the affected ear. She had no previous history of surgery, head and neck trauma, or systemic diseases. Based on the results of a questionnaire in which the answers were measured on a 10-point visual analog scale (VAS), her intensity of tinnitus was 7, tinnitus-induced annoyance was 8 and the effects of the tinnitus on her life was 6, showing a high level of discomfort. The tinnitus handicap inventory (THI) was also high, as much as 76. The physical examination revealed no mass in the head and neck, and the otoscopy exhibited no abnormal characteristics of the tympanic membranes. No sound waves were detected by auscultation. The tinnitus sound became weaker when the patient turned her head to the left and when her neck was pressed with the hand. The result of the pure tone audiometric evaluation was 11 dB in the right ear and 18 dB in the left ear. The impedance audiometry produced a Type A curve for both ears. In the tinnitogram, the patient showed pulsatile tinnitus in the left ear. And the sound pressure was 24 dB over the frequency of 1000 Hz. The results of the auditory brainstem response test and distortion product otoacoustic emission test were normal.
Based on the patient's condition and test results, pulsatile tinnitus was suspected, and CTA was performed as a screening test. In the CTA, a prominent vascular structure was observed along the left tentorial margin, and focal stenosis at the transverse-sigmoid junction was present. Distension of the left occipital artery was also observed (Fig. 1) . The CTA findings suggested the possibility of a DAVF, and a 4-vessel CA was performed for the diagnosis.
Angiography of the left internal carotid artery revealed no abnormal findings in the arterial phase. However, the left external carotid angiogram revealed an enlarged occipital artery. Also, the blood drained to the left transverse sinus and the meningeal vein passing through the transcranial route, extending from the left occipital artery, middle meningeal artery, posterior auricular artery, and superficial temporal artery. The diagnosis of DAVF, fed by the left external carotid artery (ECA), and draining into the left transverse sinus, was therefore made (Fig. 2) . Although excessive drainage into the cerebral cortex or brainstem was not observed, transarterial embolization was performed due to the severity of the tinnitus 
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symptoms and the high level of discomfort. First, a 6-Fr guiding catheter was placed through the left ECA to identify the enlarged occipital artery for catheterization. Embolizations with ethylene-vinyl alcohol copolymers (ONYX) were performed to embolize the four feeding arteries. Embolization of the middle meningeal artery was performed to embolize the fifth feeder, followed by transcranial arterial embolization in the proximal portion of the superficial temporal artery. A total of six feeding arteries were embolized. Post-embolization angiography revealed blood flow in fine arteries branching off from the posterior auricular artery and occipital artery. However, the feeders were too small and numerous to perform embolization on. During embolization, the pulsatile tinnitus disappeared, and no post-embolization complications were found. During the outpatient follow-up, the patient did not show tinnitus symptoms but claimed minor fullness in the ear. A THI questionnaire was conducted 3 months postoperatively, and the score for tinnitus-induced discomfort was 0. However, the VAS score for annoyance associated with ear-fullness on the affected side was 2.
Discussion
Pulsatile tinnitus is described as the perception of a rhythmic sound that beats in synchrony with the heartbeat. Pulsatile tinnitus can be subjective or objective. Possible mechanisms underlying pulsatile tinnitus include turbulences of blood flow, secondary symptoms of vascular stenosis and increased blood flow. While pulsatile tinnitus is caused by vascular or non-vascular abnormalities, the most common cause reported varies among studies. Sismanis 3) reported intracranial hypertension was responsible for 45% of all pulsatile tinnitus. Waldvogel, et al., 4) Dietz, et al. 7) claimed AVF as the most common cause. In general, vascular abnormalities are the main cause of pulsatile tinnitus. 4) Given that pulsatile tinnitus can be accompanied by serious complications, history-taking and physical examination must be performed. Based on the results of these examinations, determining whether radiological examination is necessary can be made. 3) DAVF is responsible for 2-20% of pulsatile tinnitus. 4, 8) The mechanism underlying DAVF formation is not clear yet. However, researchers embrace the hypothesis claiming that DAVF may be caused by the combined effects of pathologically enlarged normal arterio-venous (AV) shunts (a normal AV shunt with a diameter of 50-90 μm exists in the dura mater) induced by sinus thrombosis and venous hypertension, and the recanalization process of the thrombosed sinus. 9) DAVF develops most frequently near the transverse-sigmoid sinus, accounting for nearly 24.7-63% of all DAVFs. And the cavernous sinus is the second most frequent location for DAVF, accounting for 12-25.8% of all DAVFs. If pulsatile tinnitus is not detected in the physical examination, there can be a dilemma in choosing the diagnostic tool because various differential diagnostic procedures are avail- able. Researchers can choose angiography, MRI/A, CT or CTA for the diagnosis. MRI/A is one of the most sensitive tests for diagnosis of DAVF, with a sensitivity of 50% to 100%, and it is less invasive than angiography, making it popular as a diagnostic tool. 10) Angiography is an accurate test for the diagnosis of vascular lesions, allowing direct examination of the lesions. 10) However, it is invasive and poses a risk of complications. CTA showed a similar diagnostic accuracy with MRI/ A in recent studies, and it has the advantages of simultaneous examination of the lesions of the temporal bone. CTA is more effective in diagnosing other causes of pulsatile tinnitus than DAVF. 11) Since CTA uses a lower dose of radiation compared to angiography, CTA is widely used for the early diagnosis of pulsatile tinnitus. 11, 12) In CTA, DAVF is diagnosed by direct and indirect signs. CTA signs of DAVF include multiple arterial feeders, venous intimal thickening, stenosis and/or thrombosis, dilation of and reflux within venous efferents, numerous asymmetric and/or dilated arteries and venous collaterals, shaggy appearance of a dural venous sinus or the tentorium cerebelli, increased number and/or enlargement of cortical veins. 6) In this report, DAVF was not detected by physical examination and audiometric evaluation. CTA was therefore performed as the initial diagnostic tool. DAVF was suspected based on a dilated occipital artery, shaggy appearance of the sigmoid sinus, focal stenosis of the transverse-sigmoid junction, and prominent vascular structure of the tentorial margin (Fig. 1) . Subsequently, 4-vessel angiography was performed and DAVF between the left occipital artery and sigmoid sinus was diagnosed.
The treatment approach for DAVF depends on the clinical symptoms of the patient, the location of the lesion and direction of arterial drainage. Treatment is usually focused on complete obliteration but palliative treatment is also adopted for less severe cases. Treatment methods include conservative monitoring, endovascular embolization (transarterial and transvenous), surgical excision and radiation therapy. More than two methods are combined to maximize efficacy in most of the DAVF cases. But only the surgical procedure is effective for DAVF in the anterior cranial fossa and only endovascular embolization is effective for cavernous DAVF.
Embolization may be followed by complications such as a transient or permanent neurologic deficit resulting from ischemia and hemorrhage. The prevalence rate of complications is 3 to 11%. 13) Underlying factors associated with complications that have been cited are old age, the number of embolizations, the absence of pretreatment neurological deficits and periprocedural hemorrhage. 14) To discourage complications, softer flow-directed microcatheter has been recently developed, and more liquid embolic agents such as n-butyl cyanoacrylate (NBCA) and ONYX are used. Liquid embolic agents allow nidal penetration during embolization, making extensive embolization to venous parts possible. 15) This report discusses transverse-sigmoid sinus DAVF in which the risks of complications such as reverse venous drainage or aneurysmal venous dilation were not found in our study. However, the patient had sleeping problems due to severe pulsatile tinnitus, so her DAVF needed to be treated. Transarterial embolization through the ECA was performed. To reduce the risk of complications, liquid ONYX was used as the embolic agent. A total of six embolizations were performed as six feeders were identified. Although post-embolization angiography revealed fistula flows fed by fine feeders, additional embolization was not performed because the pulsatile tinnitus disappeared.
Pulsatile tinnitus can occur with various systematic causes and intracranial diseases. First, history-taking needs to be performed and the symptoms of pulsatile tinnitus should be identified. And then the physical examination and radiological investigations, if necessary, can take place. CTA has emerged as a convenient and safe test for the examination of structural lesions and vascular lesions in the temporal bone. Its sensitivity and specificity are above 90%. If a vascular lesion, especially DAVF is suspected, despite the negative findings on CTA, angiography should be performed because this procedure is useful for making decisions on therapeutic approaches and assessing the prognosis. Its invasiveness and high risks pose limitation. The use of CTA in the diagnosis of pulsatile tinnitus is however growing because of its convenience, safety and ability to detect various causes at the same time. We report a case of DAVF diagnosed with CTA and pulsatile tinnitus treated with subsequent therapeutic angiography and embolization.
